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Abstract 

Frequent dormant-season prescribed bums were applied at 1 -, 2- and 4-year intervals to longleaf pine stands, Pirzu,spalu.stri.s, for 
over 40 years on the Osceola National Forest in Raker County. Florida. Contml plots were unburned for the same period of time. 
Pitfall traps were operated from November 1994 to October 1999 to measure the short- and long-term effects of prescribed burning 
frequency on the relative abundance and diversity of gro~u~d-dwelling macroarthropods. We also meas~~red  dead and live plant 
biomass to determine how long-term frequeilt fires affected the structure of the forest floor. The average total dead plus live plant 
biomass was significantly higher on plots where fire had been excluded. Annual and biennial burning resulted in about the same 
amount of total plant biomass (ciead and live plant material combined) which was significantly less than the quadrennially burned 
plots. Shannon diversity (H' )  and evenness of ground-dwelling arthropods were reduced by burning. Annually burned plots had the 
lowest diversity anti evenness while biennially and quacire~~nially burned plots also were significantly lower than unburrted control 
plots. Dosinant-season burning did not increase the number of rare genera regardless of li-equei~cy. Percent similarity of arthropod 
communities was highest for co~nparisons between plots that had been burned (60-68%) and lowest for the cornpasison of 
annually burned plots to unburned controls (37%). Examination of diversity and similarity through time showed that changes were 
due to short-term effects caused by the application of fire and not long-teriu cltanges in the grouitd-dwelling arthropod community. 
Rurni~tg significantly reduced the numbers of predators regardless of fire Li-equency and resulted in an increased ~lurnbcr of 
detritivores. A total o f 4 2  genera were reduced by prescribed burning; 32 genera were captured in greater numbers on annually 
husnetl plots, and I 1 genera had higher numbers in one or both of the intermediate burn frequencies (bie~tnial or cpadrennial). 
Twenty-six genera were captured in equal 11~11tlbers on quadrennially and annually burned plots, but in signitica~ttly lower tlurtlbers 
than on unburned plots, deinonstratinp that 4 years was i~tsufficicnt time for their populatiorts to recover from mild dor~nant-season 
fires. Arthropod response to b t~rni~lg  appeased to be species specific so attempts to generalize how arthropods will respond based 
on a k w  species or groups should he avoided. The slow recovery rate of so Inany species suggests that management oriented 
towwd conservation of biodiversity in loi~gleaf pine flatwoods should include areas of fire exclusion. 

2002 Published by Elsevier Science B.V. 
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1. Introduction 

Corre\pond~ng .~uiho~ ?el 1 706 550 315'3 
fax I I 706 559-4287 L o n g l e d  p i i ~ e  (I>~rii{\ l ? o l i ~ \ i ~ ~ \  M111 ) fo ie \ t \  o i ~ c e  
/A t r lc r r /  ntLIrc j]r,irrul.i(n t \  fed n \  i J  1 H~~IILIIA) o c c u p ~ e d  more  t h m  24 m ~ l l ~ o n  hect,ire\ ~n the  \outher11 



United Stcite\ Toci,iy. le\\ th,in 1 3 tntllton hect'i~e\ 
zern'iln .i\ \mLtll i\ol,lteci pa~ccl \  (Outc,ilt '111ci Shel- 
field. 1996) Ot tho\e, le\\ than I rntllron iet'lin the 
longle,tt ptnelgt a\\land ,I\\oci,itton th'lt w,i\ 
de\ct tbed by Wtlltam Bai tr,irrt ciut t~ ig  the I'tte 
1700\ ( B e x h .  199'3) The ~c,t\on\ tot the decltne 
ol longleal ptne 'ire complex, they tticlude \uch evetits 
'1s the tnttoductton ol fet,tl hog\ that d ~ g  up \ eed l~ t~g \ .  
,tnd tv1de\pieitd Iia~ve\titig ,~nd ~epl~iceriient of long- 
le,il ptne st,lnd\ w ~ t h  f,t\ter growtng speclei (Fto3t. 
1995) The ~eductlon in longle'it plne habttdt\ hLts 
been ,i\soc~ated w ~ t h  the It\ttng ot at lea\t 30 end'tn- 
geied ot thre'itencd \pecte\ and tn teduction\ of 187 
v,tscul,it plant popul,itton\ to vet y low level\ (Hardin 
,lnd Wh~te ,  1989. Walkel, 1991, Gl1t7en\tctn et ill . 
2001) Rec,tu\e ot  the decl~ne In both qu'tnttty '1nc1 
quality, 1011gle~11 hctbttclt h'fi become ,I p~tolt ty tot 
ie\toliittot~ aiid ~ o t i \ e t v ~ i t ~ ~ t l  by The Ncttute Con\ei- 
v'tncy. the USDA Con\ei vatton Rejer ve Pi o g ~  am. and 
numerou5 other publlc atid pl-lv~ite land management 
orgatn7atlon\ 

Although mo\t agree that tncrea\lng longleaf plne 
dbundLtnce In the landsc'ipe ,it~d re\toratlon 01 exl5ting 
degr'tded longleat plne cotntnunttle\ 1s a cte\irable 
goal, how to dch~eve that goal I \  ~lncle~lr Before 
Eu~opedn c ~ t ~ ~ v c l l  to NOI th Ariiet~c~i, longleat ptne 
commut~~tte\  most lthely were matntalned by fire\ 
1g111ted by thc hequcnt thtlndet\torm\ In the leglot1 
,111d by n'ltlve Ame~rcan\ (L'inder\, 199 1 ) Slnce 
\eveie wildfi~es hdve unde\~r,ible \lde efteel\ 'tnd 
h'ib~tat i~~tgmentdtlon ptevent5 low 1nten41ty wtldh~e\ 
tiom burrrtng latge '11ea\. pte\ct~bed huinirig I \  tort- 

\tdered tlie mo\t logtcal .~lternatrve lo] ie\to~ttig '111d 
m~i~ntattnng lotigledt communrlte\ 

Longle,~f pzne cornrnuii~tie\ pt ob'tbly butned duttng 
the gtowtng-\e,i\on (Fio\t, 1990, L,andet\, 199 1 ) .  itnd 
gi owtng-\e,l\on i l l  e\ '11 e I ceommendecl f ot longle,lt 
pitie comrnunlty tn,ltnten,ince 'itid le\tor'ttron (Fto\t, 
1990) Howevet . ~ L I I  ntng lar gc '11 e,t\ d~it  ing the gi ow- 
~ng-\e,t\on ,it ~ecornlnendcd hie freyuencle\ of 1-4 
ye,ii\ I \  dtfhc~ilt bec,iu\e tewe~ wtndow\ ot oppo~tu- 
riity, whet1 witid ,lnd fuel coiidit~on\ ,$re wtthtli gutde- 
Irne\. ,ire ,tv,ltl,lble comp,tted to the ctorm,~iit-\e,t\ot~ 
I n  ,icicl~tto~i. ~ e \ t t i i t ~ o n \  o n  miohe ‘inti vctl,it~le eint\- 
\1011\ 11oin j?te\ct~bed buttt~ng m'ty ptevent \tgnihc,lnt 
inctea\e\ In the nu in he^ 01 hectare\ butned cl~ittng the 
\umiiier Theretor e, dor rn,ltlt-\ea\oti pr escr tbed bui n- 
I I I ~  I \  ltkely to rc~n,nrt 'in I I ~ I ~ O I  t'int rn,lnctgement tool 

f o ~  longleaf ptne communttte\ (B~ockw,ty 'tt~d I,ewtr, 
1997) 

De\ptte the enipli,i\i\ on pre\crtbed burntng tot 
longleat ptne ~e\totatton, 'lnd it\ wtde\ptead u\e In 
iestot'ltton ,i~icl man,lgement of other communttle\, 
l~ttle 1s known about the le\pon\e of 'it th~opod\ to 
burntng In thts eco\ystern ot how tepe'itcd butntng 
over m'iny yeals ,~ftect\ the aithtopod cotnrnunlty 
Klett~ (1988) e\tttnated that 90% ot the tettc\t~t,tl 
artliropod ~ , I L I I I ~  \pend 'it le'tst part of then l ~ f c  cycle 
In the sot1 or su~tace  litte~ Ftequently, ,irthropod\ ure 
the \ o ~ l  for a wtntei tefuge Since '11thro170ci\ tnove 
more {lowly ot not ,it all In the wrnte~, depetidtng on 
the11 \titge 01 cievelopnient, cior mclnt-\easoll bui ntng 
may have a \tgntfic,lnt 'iltect on 'itthropod cornmu- 
nttte\ In \ome ca{e\, domiant-\e'i\on butntng I \  an 
eftectlve contl ol mea\ure tot In\ect pe\t\ (M~llet ,  
1979) 

The eltech of natutdl 01 p ~ e \ c t ~ b e d  fire on arthro- 
pod\ are not cleai-, and depend upon a vanety of 
factors lnclud~ng species studted, thelr \rage of 
development at tttne of the fire, and thelr re\pon\e\ 
to a v'irlety of hab~tat  'lnd comtnuntty c~ltercittonj 
c,iu\ed by tire (Ahlgten, 1974, Wdtretl et al . 1987, 
Stem'rrin et '11 , 1997, 'ind teteietice\ t h e r e ~ t ~ )  For 
ex,lmple, wnie ant \pecte\ Inelease followti~g fire\ 
(Buffington, 1967, HCln\en, 1986, Andel 5011 et al , 
1989, Andei \ell, 199 1 , Neumaiin ,111cl Tolhtirst. 199 I , 
Moya-Raygo7a, 1995) whtle othet are reduced 
(Peal\e, 1941, Butfington, 1967. Gillon, 1972. 
Ander\eti and Yen. 1985, Andet \en, 199 1 , Neulndt~n 
and Tolhur\t. 1991, K'll157 dncl Powell. 2000) 
Ke\pon\e\ of other at thropod gtoup4 10  file di\o 
V'll y 

The objecttve\ of our \tudy were to detertnlne how 
lteyucnt. long-teitn ciortncint-\eLt\on but nlng ‘titer ed 
ground-dwelltng drthropod communtty dtver\lty. 
I tchne\\ and cotnpo\itlon We wet e pal ticulLit ly 
ttitete\ted In cletettn~ntng t f  ch,uige\ wete due to 
long-tctm \ h ~ t t s  In commuiltty sttucture ot the \hot t- 
tetm effect\ ol t t ~ e  c ~ p p l ~ e L ~ t ~ o t ~  The te\e,trch w,i\ 
conducted on a untque long-teini \tucly ‘lies t h d  h'15 
been t i  e'ited wtth dorrn,tltt-\e,t\ori lire lor over 
40 yeat \ I n  ,tddttton to mca\ul ~ i i g  the '11 tliropod 
comrnunrty re\pon\e. we 61\o tne,l\uted dedd 'tncl 
live pl'tnt btom,l\s o n  the plot4 to detetmine 
how h ~ e  aifectecl the \tiuctute of tlie lolest floor 
~ommunlty 



2. Methods and materials 

The itudy w'ti conducted on the 0iceol;t rj'tt~onal 
Fo~e i t  In B'thel County. Flo~id't The ploti were 
eit'tbl~ihed In I958 to examine the effecti of b u ~ ~ i ~ n g  
f ~ e q u e n ~ y  on fuel reduct~on to1 w~ldfire preventton At 
th,~t t~me .  the overstory tlee\ mere 45-yeai-old long- 
leaf pine with a few \lash plne (I-' ellrottrr Engelm ) 
d~id dominant tleei weie 20 ni tall arid 29 cm dl'imeter 
The preience of temnclnt longleaf pine tlees w ~ t h  
ev~dencc of pa5t turpentine oper~ttioii\ \ugge\ti that 
the area h'td never been cle,t~ed foi c ~ g ~ i c u I t u ~ e  The 
under\toty con51sts of typ~c~t l  fLttwoods veget,ltlorI 
dominated by saw p'ilmetto (Screrlocl repen\) Othe~ 
common pl'lnts ~ncluded g'lllberry (Ilex glahrrt), blue- 
ber~ ies ( k c  i rnluni \pp ), huckleberrle5 (Gavlus \ut rrr 
5pp ) and wrregrdss (Arr\t~drx l~e~lrzcl~runa) 

The \tudy was a I andom~zed complete block desrgn 
consisting of 24, 0 8 ha plots ananged 111 $ix repl~ca- 
t~ons  of four treatment5 In~tial treatments were w~nter 
burn5 appl~ed every 2, 4 or 6 ycals and unburned 
controls Howevel, in 1964 the 6-year-~nterval treat- 
ment W C I ~  replaced w ~ t h  annual wlnter burn5 0u1  
\tudy began In fall, 1994 w ~ t h  tredtments con\1\1111g 
of annual, b ~ e n n ~ a l  and quadrenni'll w111ter b u ~ n \  and 
unbu~netl contioli The ploti had been buined f o ~  15 
ye,t~\ ,it the beg~nnrtig of o u ~  \tudy 'ind burn~ng 
cont~nued thio~ighout the 5-year-\tudy peiiod 
(Novenlbe~ 1994-0ctobe1 1999) B u ~ n ~ n g  wets con- 
dt~cted 111 the wlritet (Janudt y ot F c b t ~ i ~ t ~ y )  th~oughout 
the itudy Flre ~ii ten\~ty vai~ed from yedl to ye.11 
ctepend~ng upon weather condrt~oni ,lnd cie,ici fuel 
rno~iture contenti wh~ch t'inged trorn 7 to 20% 

Pre-butn live 'tnd de'td pl'trtt b~om,ti\ W,L\ e i t ~ m ~ ~ t e d  
on e'tch plot horn e ~ g h t  1 m' \ub171ot\ Fuel\ were 
iep'i~~tted ~ n t o  1 1  c , ~ t e g o ~ ~ e i  con\l\tlng of ( 1 )  live 
palmetto, (2) dedd p,ilmetto, ('3) 11ve g'tllber~y, (4) lrve 
p ~ n e  neetile\ (\eedl~ng\), (5) l ~ v e  grdi\ei 'tnd f o ~ b i ,  (6) 
11tte1 I,lye~ (01 or L layer). (7) humui ( 0 2  'tnd 0 1  oi F 
,incl H I'tyeri), (8)  plne conei, (9) 0-0 G cm de'td 
br ,inchei, ( 10) 0 0 -2 5 crn de'td 131 '1nche5, and ( 1 1 ) 
othe~ cie'td woocly rn,ttet~,tl Sa~np l~ng  methocii wele 
adapted f~ om Shea el '11 ( 1996) Two cluiter \ of erght 

tr,tn\ect I ~ n e i  were eitabl~\hed In edch plot We I'tn 
I5 ni long tian\ecti f~orn  the centel of each cluite~ In 
the four ca~ci~nal di~ectroni anci four adci~tlonai 15 rn 
long t~~ ln iec t i  weie e\tablrihed at 90 f ~ o m  the ends of 
the o r ~ g ~ n a l  tl;in\ects S'lmpltng f ~ ~ n i e i  ( 1  m') wele 
placed on the ground 4 rn f ~ o m  the i tcu  ting pollit of 
e'tch tl,tn\ect All \tern\ <I 9 cm b'iial d ~ a n e t e r  uele  
collected by catego1 y f t  on1 each \,irnple po~nt, bagged. 
oven-d~red ,lt 42 C f o ~  a mlnlnlum of 48 h and 
we~ghed We \,zmpled ,111 of the burn ploti In Jdnua~ y 
1996 pnol to buttling. at '1 time when ,111 of the plot5 
had the m'lxlmuln amount of time poss~ble for plant 
matci~al to bu~ld  LIP The unbuined control5 were 
\ampled In J'1nuey 1999 Fol our analy<es, we 
'ts\umed thdt l ~ v e  and dead plant biomais oil unbu~ned 
cont~ols changed l~tt le dur~ng our itudy m c e  McKee 
(1991) found no d ~ i i e ~ e n c e  In the organic content of 
the tore\t floor in unburned mature plne \tands after 10 
yeaii of fire exclu\~on We compared total l ~ v e  plant 
material, totdl dead plant mater~al, llve palmetto, live 
gallberry, 11ve graiseslforbs, I~ttei, huniu\, small dead 
wood (0-2 5 cm) 'ind total fuel load among treat- 
ment\ 

2.3. Arthropod poprllotionr 

We were interested in determining if large woody 
debris was at1 important resource for gro~uiid-dwelling 
orthl-opods on freque~itly burned plots. We measured 
this relationship by placing pitfall traps along 3 m long 
logs placed in the center of each plot. We established 
pitfall traps around the logs in the i-bllowing nian~~er.  
Four pitfall traps (Hanula and Fraiizreb, 1998) were 
installed; two traps were placed on each side 0.5 In in 
from the ends of the log and as close to it as possible. 
To decrease the chances of an arthropod bypassing the 
pitfall by moving between the log and the pitfall, we 
inserted wedge-shaped pieces of aluminuni sheet 
metal into the space so that the metal sheeting created 
a barrier from the point where the log contacted the 
ground to the edge of the pitfall. A second set of four 
pitfall traps were installed along a 3 ni long aluminurn 
sheet metal drift fence ( I 5 cln high) which provided a 
bI.:-- ~ ~ ~ r t i  sirnilar to the logs. Tlie drift fence was located 

10 ni fro111 the center log and the traps were con- 
structed and placed i n  the same mariner as the log 
pitf;-111s except that tlie edge of the traps was in direct 
contact with the drift fence. Pitfall traps were opened 



every other inoi~th for a I-month-period. When not in 
use, trap openings were covered with ceramic tiles to 
prevent arthropods from entering. We found n o  sig- 
nificant interaction between fire frequency and cnp- 
tures of' arthropods in pitfalls alot~g logs, so we 
combined data Sroin the log pitfalls with the drift 
fence pitfalls for this study. 

Samples from pitfalls were stored in 70%> ethyl 
alcohol, sorted based on morphological features. 
placed in individual vials of alcohol, labeled, and 
identified to genus or the lowest taxoilotnic level 
possible. Iinmature insects were identified to family. 
Each taxon also was classified as either a herbivore, 
predator, detritivore or omnivore to cletermine if burn- 
ing affected trophic relatiotlships withill the longleaf 
pine arthropod community. Biomass estimates were 
obtained by oven drying (40 C for 72 h) and weighing 
at least 20-30 specimens of each taxon. The average 
weight of these specimens was multiplied by the 
number of individuals within a sample to estimate 
sample biomass. 

Percentdge \im~l'ir~ty ( P  = mrn(pl, p,), w h e ~ e  
P I \  the percentage \1in11'111ty between \ample\ 1 and 
2, p i ,  15 the percentage ot  \pecle\ r 111 conlil~un~ty 
\ample 1 ,  and p2, 15 the percentage of \pecle\ I III 

c o m i ~ l u ~ ~ ~ t y  \ampie 2) w,i\ u\ed to compaie a~thlopod 
comrnunit~e\ ai~ioiig t~e;ltment\ (Woldd, 198 1 , Kreb\, 
1999) In Some case\, delta wele t~an\formed u\ing the 
logio(i  i I) tian\tol~nation to ieduce the Impo~tance 
o l  'I few Specie\ that weie ca~rght 111 hlgh numbe~\  
Percent \~mll'lr~ty wa\ c'tlculated for all po\\~ble 
tle'ltrnent comb~n'it~on\ In 'idd~tlo~l, we co1nl2~1red 
each b u ~ i ~  frequency tredtment to the u~~burned con- 
t ~ o l \  lo1 each yedl of the \tudy to deteltn~rle ~t coin- 
munlty \~mlldiity ih'f~lged when burns uele  ,tppl~ed 
'ind IIOW quickly conlmun~t~e\ 1etur11ed to p~e-buln 
level\ Wc compicd one 11,11f ot the cotitiol plot\ to the 
o the~ h d t  to have 'I \t,inda~d tor compan\on Although 
the number of ieplrcC~tc\ w,i\ h,llved (11 = 3) by th15 
techn~yue, ~t p ~ o v ~ d e d  ,I method of dete11~11111ng ,t 

"mdximurn" \ I I I I I ~ ~ ~ I I ~ ~  po\\~ble 'ind c~llowed u\ to 
looh at vdildt~on 111 \ I I I I I ~ ~ I I ~ ~  ovel t ~ m e  

Rare \pecie\ were ot pd~ t rcu l~~r  C O I I C ~ I ~ I ,  \o u e  
~ o i ~ t p a i e d  I ~chnc\ \  ot I ,tie t,~x,t (< 10 c,~ptur es pel 5 
ye,ii\) to dete~rn~ne 11 hequent burntng c,iu\ect 

increasecl rarity. We also calculated the quotient of 
similarity for rare taxa. We chose this index because i t  
places more emphasis on the taxa found in both 
habitats than other similarity indices (So~~thwood, 
1966), and it compares two communities based solely 
on the presence or absence of taxa, so it is not 
influenced by numerical abundai~cc. 

We used richness (genera per plot). the Shannoii 
diversity index (H') and evenness ( . I )  to compare 
arthropod corninunity diversity among treatments. 
Shailnon diversity meets the essential criteria for 
diversity indices (Elliott, 1990) and it emphasizes rare 
taxa (Krebs, 1999). Evenness, which gives an indica- 
tion of how equally individuals are distributed among 
taxor~omic groups, was calculated to firrther describe 
the arthropod communities. 

Data were analyzed using a two-way analysis of 
variance. Dependent variables included vegetation 
characteristics, arthropod community characteristics, 
and arthropod abundance. The Ryan-Einot-Gabriel- 
Weisch (REGWQ) multiple range test was used 
to compare treatment means (SAS Institute, 1987). 
Data were transformed using the transformation 
(X + 0.5) ' ,  where appropriate to st. 'I b'l' I ~ z e  variance 
(Bartlett, 1947) prior to analyses of abundailce within 
arthropod groups. Results are presei~ted as untrans- 
formed means and standard errors in tables and 
figures. 

3. Results 

3.1. Lrvc~ irnd iletrd pli~nt hron~rr c 

V~sual d~tterence\ among the variou\ burn treat- 
ment\ were evldent in the vegetdtlo11 \t~ucture 'ind 
dead plmt matella1 011 the g~ound Both dead and live 
plmt b~otna\\  were 'tttected by long-term dormant- 
\ ~ , I \ O I I  bur11111g The 'iver~ige totdl plant b ~ o ~ n a \ \  (de'td 
plu\ 11vc plant ~n,iteii,~l combined) wn\ \~gnificantly 
htghe~ on plot\ wheic fire had been excluded than on 
'my of the burned plot\ (T'lble 1 ) Annual and b1e1111ia1 
burni11g 1e5~1lted 111  bout the \,line 'llnount of total 
plant biom,i\\, wh~ch waj \~gn~fica~it ly le\\ than the 
q ~ ~ ~ ~ d ~ e n n i , i l l y  burlled plot\ 

Total cte,id plant b~om,i\\ al\o w,i\ \~gn~ficantly 
h~gher on uilbumed plot\ cotnpaied to burxed plot\. 
,inti clu'ldienn~al bu~ntng re\ulted ~n ,I gieater hulld up 
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of dead plant biomass than annual burning (Table I). 
Biennial burning resulted in accumulations of dead 
plant material intermectiate between annual and quad- 
rennial burns. Dormant-season burning had no effecc 
on the arnount of small dead branches. Fire exclusion 
resulted in more than double the accumulation of litter, 
ancl these areas had more than twice as much humus on 
the soil surface as any of the burned plots. Burned 
plots were equal in the alllount of litter regardless of 
b ~ ~ r i ~ i n g  frequency. However, they differed in the 
alnount of humus on the plots. Quadrennial burning 
resulted in twice the accuinulation of humus compared 
to annual burning. Biennial burning resulted in similar 
alnounts of humus as annual and quadrennial burning. 

Frequency of dormant-season burning also resulted 
i n  changes in the an~ount of plant biomass ant1 the 
composition of the dominant plant groups (Table 1). 
Total plant biomass exhibited a significant negative 
relationship with burning frequency, i.e. as burning 
frequency increased total live plant biomass 
decreased. Only gallberry was unaffected by winter 
burning. Aboveground biomass of saw palmetto was 
nearly 12 times higher on unburned control plots than 
on those burned annually. Biennial burnitlg resulted in 
a quarter of the biomass of saw palmetto observed in 
unburned plots, while quadrennial burning resulted 
in about half as lnuch. Annual and biennial burning had 
similar amounts of saw palmetto. In contrast, gl-asses 
exhibited a reverse trend. A1111ually burned plots had 
four times as niuch grass biomass as unbur~ied controls 
and twice as much as quadrennially burned plots. 
Biennial burning resulted in grass biornass intermedi- 
ate between annual and quadrennial burns. 

.i 2 1 Ar tlin~potl trh~(nr1ri'rrllc r trrld I X ~ I I I L I ~  r 
We cdptu~ed ovel 163,000 ,~rthropod\ h om 3 1 

order\, 265 tam~lle\ 'tnd 932 genel't (Table 2) The 
Hymenopte~a (pr~tnanly ant\) made up almo\t 27% of 
the tot'tl number of ~ n d ~ v ~ d u a l \  captured Sp~der\  
(Ar'tneae, 18% ), n ~ ~ l l ~ p e d e \  ( 16%) 111 the orde~ Poly- 
de\rnld,t and beetle\ (Coleoptera, 14%) were other 
,thundCtnt group\ The ~nrlltpedes compl ~\eci the 1'11 ge\t 
bioma\\ of 'tny g ~ o u p  'tnd ,~lrno\t ,111 of tlu\ wa\ due to 
't 51ngle \peae\ .  Drc rllirurrrc irzoc rrltrtlrc. which a'tj 

,tl\o the \~ngle  mo\t abundant rnaclo,~rthropod \pec~c\ 
on the plot\ The total number of arth~opod\ c'iptured 

per plot dur~ng the 5 year\ of the study wa\ s ign~b-  
cantly h~gher In the c~iln~cilly burned plot\ wh~le  the 
b~ennl~il, quad~enl~ial 'tnd unburned control4 were 
'ipp~ox~mately equ'tl when D 17rtrcultrtur wete 
~ncluded 111 the 'tn'ily\~\ (T'tble 3) When I> r71ut ulatltr 
were removed from the d'ita there wele 110 \~gn~ficant 
d~f t e~ence \  In numbei \ ot ,II thl opods L ~ k e w ~ \ e ,  
bu~ned plot5 had \lgnrbc~tntly Illore 'trthropod bloina\\ 
than unburned plot\ when D riicrculrtrrt u7ele 
~ncluded When ll mailrlcxtu\ wele removed from 
the analy51\ oiily the ,tnnu~tlly 'tnd b~enni~tlly burned 
plots h'td more blorna\\ than control\ 

3.2.2. Divr~rsity anrl c.orirrnlrnity siri~ili~rity 
Richness and the number of rare genera varied little 

among plots with different burn frequencies (Fig. 1). 
We captured an average of almost 300 genera per plot, 
regardless of bum frequency, of' which approximately 
90 genera per plot were rarely captured. Frequent 
burning did not result in more rare genera. Shannon 
diversity was affected by burning. Annually burned 
plots had lower diversity than biennial, quadrennial or 
unburned control plots. Bie~lnially and quadrennially 
burlled plots had sirnilas arthropod diversity, but their 
diversity was also lower than unbul-ned plots. Evenness 
showed a similar pattern. 

We also examined diversity ancl evenness among 
plots receiving different frequencies of dorrnant-sea- 
son fire over time and found diversity and evenness 
exhibited similar trends (Table 4). In 1995, only 
a~lnually burned plots were burned. Arthropod diver- 
sity and evenness were significantly lower in those 
plots than in the other three treatments which were 
silnilar in diversity and evenness. The following year 
(1996) all ol'the plots were burned except the controls. 
That year diversity and evenness were reduced on all 
burned plots and all were signif cantly lower than the 
coritrols. By the end of 1997, diversity ancl evenness 
I-ebounded, with only annually burned plots lower than 
utlburned controls. In winter 1998, annually and bien- 
nially burned plots were hurtled, and again both 
exhibited reductions in diversity when compared to  
unburned plots. Flowever, evenness was reduced only 
on the biennially burned plots. In 1999, only the plots 
receiving antiual treatments were burlled. Those plots 
h~id lower diversity and evenness than the contz-ols as 
did the biennially burned plots. Diversity of unburned 
plots rernainetl nearly constant throughout the stuciy. 



T;~hle 2 
'rota1 nu~irhcr oS familie\, genera and individu;rls. ;lnd tot;ll hionla\\ of variouj order\ of :~rtllropods c;lpturcd in pitI'~11l trap\ on the O\ceoIn 
Nation;il Fore\! (R:thcr County, Florida) SI-om 1995 to I999 

Arnncae 
Bl;~ttnria 
C:illipodida 
Cl~vi-tleiirn;itida 
C'oleoptera 
Lliptera 
Einhiidin:~ 
Gcophilomorpha 
Heiniptera 

M;inloiden 
Mecoptera 
Microcoryplria 
Neuroptera 
Opiliones 

Cihle 7 
Me.m (1 \ L ) iru~nher ,IIICI hlom.i\\ ( g  oxen-clr~cd wt ) ol ,rrth~opoci\ i,iptuicd pel plot k ~ t h  ,lnd x v ~ t h o ~ ~ t  the ~ l i ~ l l ~ p e d e  1)r( r l l r i i r~r~ ~iiatrrlcirirc 

Ruin l~eijliency Lt'ttIl 1) i?l(ic iiI(irir\ Witlro~~t I) riiric i~lcrtrrc 

Nuinhc~ per plot R~orn ,~ \ \  per plot Nunihe~ per plot B I ~ ) I ~ , I \ \  per plot 

Plot\ were on thc O5ceoln N a t i o ~ ~ ; ~ l  Fore\$ (Baker County, 1710rida) ;~ntl were hilrncd during the d o r ~ n ; ~ n t - \ c s \ o  at bar-ying frccluencie\ over a 
10-ycar-~~erioii. Me;ln\ \\ithin column\ Soll~~weii hy the \a~rrc letter arc not \ignitic;~ntly tlil'kretrt (1IEC;WQ multiple co~npari\on tejt. 
I' , 0 05). 



annual biennial quadrennial unburned 

Burn Frequency 

Fig. 1 .  Mean ( I S.13 number ot rnre  genera, richnes.;, evenness and diversity of nrtlrropods captured in pitPat1 traps in plots I-eczi\sing varying 
kequencie\ of (formant-\e;ison prewi-ibetl burns over a 40-year-period on {he Osceola Nation;il Forest (Raker Connty, Florida). Coluinnh 
within graphs tlr;~t liave the \;lme letter ;ihove them were not \igniiicantly dift'cl-etlt (IIEGWQ inultiple coi~lparison tc\t, P c 0.05). 
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1-2 1-4 2-4 1-C 2-C 4-C C-C 

Treatment Comparison 

Fig. 2. Mean (rt-S.E.) percentngc simil:u-ity of the erouncl-dwelling artliropotl community in plots receiving varying frequencies of donliant- 
season prescribed burn5 (annually - 1 .  biennially = 2. quadrennially -- 4 and not burned - C) over a 40-year-period on tlie Osceola National 
Forest (Baker County, Floricla). Colutnns that have the s:~mc lctter ahove them were not signiticr~nlly different (REGWQ multiple cornparison 
test, I-' i 0.05). Comparison of half of the unhurnetl ploth lo the other half (C-C) is provided as an euatnple of the maximum sirnilurity that 
might occur on (imilarly treated plot\ ;inti was not included in the statistical analysis. 

Percer~t'ige \~mil,trrty w'~\ htghe\t lor b~ennt~llly and 
qu,~dre~~ni,tlIy burrled plot\, but not \rgnlfic,tntly 
hrgher than cornpaitson\ ~imorig othet burn t~e,ilment\ 
(Ftg 2) Annu,~lly bi1111ed plot\ ,tnd plots where tire 
wa\ excluded had the lowe\t \rrn~larrty, \rgn~hcai~tly 
lower th'tn ,111 other cornp,~r~\on\ Srmrl'lr~ty w;c\ 67% 
for cornpctrrson of hall of the unburned plots to the 
other half Although not included In the \tatr\trcal 
,~n,~lysc\, thr\ cori~parr\on \how\ how srrn11~11 ldentr- 
c,tlly tre'lted plot\ wele to one ,tnothe~ 

Llke d lve~ \~ ty ,  percellt \~mrl,trtty wd\ '~ftected by 
fire III ,I glven yedl For ex'lmple. in 1995, only 
,~nnually t~e~ l t ed  plot\ were burned, arid blennrally 
,tnd clu~~drer~nially buined plot\ hdd re,tched the~r  
m'lxrrnurn lecovery perrod ( F I ~  Zd) Thdt y e a  
,innu,tlly burlled plot\ hdcl ,I 10% \rrnrl,trrty to cont~ol\  
while the brenr~r~~lly bu~necl plot\ h'td 'I 42% \ ~ r n ~ l a r ~ t y  
aricl the y~~,tdr e n n ~ ~ ~ l l y  bui ned plots hxl  a 44% \rrni- 
larrty S~mil,lr tty wtth111 the two gioup\ of control plot\ 
wc14 56% In 1996, ,111 plot\ were burned except the 
control4 Pcrcentdge \imrlLirtty wil\ tediiced to 25- 
12% tor all comp&ut\ons except unbutned plot4 to 

othet unburned plots The iollowrng year ( 1997), dter 
'~lmo\t 2 year\ of recovery, slrnli'~rrty of burned piot\ 
,ind unburned plot\ w'14 about the \ame or slightly 
hrgher than III 1995 

To \ee if t h e x  trend\ wele due to change\ In 
,tbund,tnt \pecle\, we .tpplted a logio tran\folr~iatron 
to the datd (Fig Zb) The re\ult\ \bowed ~ n i ~ c h  less 
f~uctudt~on In pclcent'tge s~rnrldrrly over trrne In 
p a r t ~ u l ~ ~ r ,  chrtngcs rn \trnilant~e\ between 1995 and 
1996 cvrderlt in Frg 3'1 were 'tltnost corl~pletely 
elrrn~n~~tecl The ti,~n\iorrn~~tron reduced the clfect of 
a few \peue\ th'~t ie\ponded po\~ttvely to file dl\- 
tulh,tnce wrth l,l~ge popul,ttroi~ lncre,t\e\ 

De\p~te h,\vlng app~oxrm~ttely the \,lrne number\ of 
r a e  generd (Fig I), burn~ng ftecluency 'iflectetl the 
cornpo\ltron of the tcue a~thropod cornrnunity 
Although the yuotrerit of \rrn~l~~irty only conrlders 
the ~.>ie\ence or ,tb\ence of t,lx,t, the resiilt\ from th14 
s~rnrl,t~rty tndex for rdle t'tx'~ (Frg 4) wele much llke 
perccnt'ige ~1mr1~111ty lor the whole cornmunrty, I e 
burned plot4 were \ ~ i i n l ~ ~ r  to edch othei ~eg, i~dle \$  ot 
burn flequency. dlld blerlllldlly drfd q~iddrerlnldlly 



Annual v s .  unburned 
Biennial vs .  unburned 
Quadrennial vs .  unburned 
Unburned vs .  unburned 

Fig. 3. Meat1 (-:S.E.) pel-cerit:ige similarity of urthropod capturctl in pitfoll t1.:1ps in plot\ receiving varying l'rcquencies of' ilonn;int-\e;~\c,n 
presci-ihetl burns ovcl- a .IO-yei~r-i>c~.iod on the Ohceola N:riioiinl Forest (Baker County,  florid:^). Data i ) i -  (a)  wele not trensll)~-~nccl before 
c:ilculatiiig siinil:iritie\. (h)  Slrows percent \ i~nil;~rity after d;rt;~ wcl-e tr;lnsfi)rmetl io I-educe the influence 01' ;r l'cw abundant \pecie\. Asterisk\ 
:rhv\.e colunln\ clenote whicli plot\ wer-e hurnctl each year. 

huinetl plot\ weie more \tn111,11 to the unbulnecl plot\ ininc 11 lire\ciibed buining h,ld po\itive oi iieg,itlve 
th'ui w e ~ e  the '~rlnually buinecl plot\ effect\ 011 tiophic iel'~tion\l-~tp\ Ptesclibed I ~ L I I I I I I ~ ~  

We cl,t\\ifietf each \pecie\ a\ c r the~  .t pred,ttoi, signific,~ntly ietiucect the numbel \ of pred'itors regard- 
lierbivo~e, detrttlvoie or otnnrvoie (T'ible 5) to cletci- less of buin frequency cotnpaied to uiib~trned control\ 
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Rare Species (< 10 capturedh years) 

1-2 1-4 2-4 1 -C 2-C 4-C C-C 

Treatment Comparison 

Fig. 4. Mean ( I S . E . )  quotient of similarity of rare genera (<I0 captured5 years) of arthropods captured in pitfall traps in plots receiving 
varying frequencies of dormant-season prescribed burns (zmnually = 1 ,  bicnrrially = 2, quadrennially = 4 or not burned = C) over a 40-year- 
period on the Osceola Nlttional Forest (Baker County, Florida). Colu~nns that have the same lettet- above the111 were not significantly difftrent 
(RECWQ multiple comparison test, P < 0.05). Comparison of llalf of the unburned plots to the other llalf (C-C) is provided as an exa~llple of 
the maxi~liu~n similarity that might occur o n  si~llilarly treated plots and was not includecl in the statistical analysis. 

Conversely, more detr~t~voie\  were captured o n  plot\ approximately the \ame 1ir11nbe1\ 011 d l  plot\, although 
that were burned than on unburned controls Even with oinn~vore\ were more abundant on annually bu~ned 
the dornlnant detnt~vore, L). 112(1.( ~t l c r r~ l \ ,  removed from plots than on b~cnn~al ly  burned plot\ 
the analy\i\, we cqtured more detr~tivore\ ~n burned The average n~unber of genera of predator\, detri- 
plots than In the unburned control\ On the other t~vores and omnivores captured per plot wd\ u~laf- 
hand, olnnlvores and herbivores were captu~eci In fected by burn~ng freclrlency (Tdble 6) However. 

Tzihle 5 
Mean ( t S.E.) nu~nhe~-  of arthropod Seeding groups captured in pitfall tzips in plots but-ned wit11 varying fi-cquencies of clorm;~nt-senst,~rl 
prexrihctl burns over a 40-year-period o n  tlre Osccolu N;riionnl Forc\r (Rnker Co~~nty ,  I~loricia) 

RUI-11 h.ecluency Feeding hithit 

Pred~ttor I)ctriti\ ore I-lerhivorc Or~lnivorc 

With 1)ic~~llrrrirr.s Witho~it l>icc~lltrr-i1r.s With S o l o r ~ o ~ ~ s i . ~  Witho~~t  Solrr~op.sis 

A~lnu‘il 2211 I 373S,1 3109 i 6220 , i  1133 1 2 5 1 1 ~ 1  212 I6 0 ,I 1100 ! 237 0 a 661 7 I 21 3 ,I 
B~enn~,rI 1677 1 162 X ,I 1042 I 236 8 b 1909 I 09 4 'I 2 3 I 1 1 7 7 , i  6 8 7 1 1  1 2 9 3 b  (7711 11SS,i 
Qt~,idrenn~,~l 2671 1 170 0 ,I 2585 I 1 15 6 I> lhhb ! 07 S a 7 1 9 I 1022 ' 1624 .$I> 1012 I 1308 ,i 
N o  b u ~  11 1315 1 1 5 1 I b  I 1 3 7 1  1 5 0 5 ~  W R S I  1 0 S 2 b  IS? 1 21 3 ,I 1108 i 71 9 , ~ h  1104 I 161 9 ,I 

Iletritivores includetl Izirsc r~urnbcr\ of I)i(.c,lliiriir\ iiicr~~iiltrtri.~ and ornnivorcs iirclutletl 1;rrgc nnir~hers of So1eriopsi.s iii\.icttr \o analyses were 
contluctcd with arrci wittlont thc\c rwo \pccic\. Mentr\ within coln~ntrs lollowecl by tlrc same letter. are not \ignificantly difircnt (REGWQ 
n~ultil)le comp:irison test, I-' 'c 0.05). 



Table 0 
Mean ( i S.E.) richne\s (genelx), d i~erhi ty  ;ind evennes\ of arthropod feeding gronph collectetl in pitfall ti-ap\ o n  plots receiving varying 
frcquenciei of dorrnant-\e;rson pre\crihetl hurt?\ over a 40-year-period on the Osceola Nation;il Forest (Raker County, J:lorici;~) 

But-n I'scquu~cy Feeding habits 

Pred;ltor Detritovore I-lcrhivore Omnivore 

Annual 
Biennial 
Quadl-entii:~l 
No burn 

Diversity (H') 
Annual 
Rienni;ll 
Q ~ ~ ~ i c I r e ~ i i i i ~ ~ l  
No hot n 

E\cnnc\\  ( I )  
Annu'll 
B~ennial 
Quadrenn~,rl 
No bur11 

Mearis in columns and within categories (e.g. richness) followed hy the same letter are not significantly difl'erent (REGWQ multiplc 
conipnrison test, P < 0.05). 

41gn1fic~lntly more herbivoie genera were captured on 
annually burned plot4 than on control plots Shannon 
dlve~vty 'inti evenne44 ot pred'ltor4 wa\ h~gher In 
quad~e~in~al ly  bu111ed and unbur11ed plot4 than In more 
t~eque~it ly buriied alea3, wh~le  ctlve141ty and eveline4s 
oi det11t1vo1e4 wa\ h~gher on cont~ol plot4 

3.2.3. efi~c.t.s on irrdividllcll tcix-u 
Arthropods were significantly alyected by dormant- 

season prescribed bunling (Fig. 5). A total of 42 
genera were reduced by prescribed burning, 32 genera 
were captured i n  greater numbers on annually burned 
plots tli;tn on controls and 1 1  genera had higher 
numbers in one or both ot' the intermediate burn 
liecluencies (bictlnial or quadreiinial). GI-aphs 1-28 
(Fig. 5) are spiders. Of these, 1 1 genera were reduced 
by burnir~g and showed no evidence of recovery, i.e. 
the quadrennially and atinually burned plots were 
similar, ~ tnd  both had lower numbers than the controls. 
For example. Agrt~lrrrop.sis spp. (Fig. 5; graph I ) had 
;m average of less than 10 individuals pel- plot in 5 
years of trapping on the plots receiving annut~l, bien- 
nial, or quadre~l~lial tlorrllar~t-se:~soi~ burns while con- 
trol plots haci an average over 20 individuals per plot 
during the same periocl. Despite only being burned 

once during the study, Agelenop.sis spp. populations on 
the quadrennially burned plots did not differ from the 
anl~ually burned plots. 

Six genera of spiders were reduced by frequent 
burning (annual or biennial), but their populatio~ls 
recovered to the same levels as controls on quadren- 
nially burned plots (Fig. 5; graphs 9, 18. 20, 22, 23. 
and 26) and five spider populations responded posi- 
tively to frequent burning (Fig. 5; graphs 1 I ,  14,2 l , 24  
and 25). Populations of these spiders were signifi- 
cantly higher in the annually burned plots than in the 
~~nburned controls. Two spider populations showed 
some evidence of recovery since more were captured 
o n  quadrennially burned plots than on n~l~iually b ~ ~ r n e d  
ones, b~l t  cluadrennially burned plots still had lower 
numbers than unbul-11ed eo~itrols (Fig. 5; graphs 16 and 
19). Finally, three spider populations (Fig. 5; graphs 5, 
10. and 13) were higher on quadrennially burned plots 
than o n  the co~itrols or ann~~al ly  burned plots. These 
spiders appear to benefit from some disturbance, but 
not the levels of distmbance produced by annual and 
sometimes biennial prescribed burning. 

The two most common genera of roaclies on the 
plots, P~~ri~oOlertt~~ and I.shrroptercr, were aff'ectetl by 
burning i n  different ways. Perrc,ohl~rttcr spp. (Fig. 5:  
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Fig. 5. Mean liurnber of individuals witlii~r srthl-opod groups that were \igtiific;tntly nfkcted by {arying frequencies of domalit-season 
prescribed bums over a 40-ye;lr-period on the Osceola National Forest (Raker Cou~ity, Florida). Graphs are at~;inged ;rlpll:ihetically by ortler, 
lanrily :illti genui. Graphs 1-28 are spiders (Armeae). 29-30 atre roaches (Blst~;iria). 3 1 is a lnillipede (Chordeumntidrr) 32--51 are beetles 
(Coleoptera), 52-56 are tlies (Diptcm), 57-60 arc true bugs or plant hoppers (I-leteropter;~), 61-73 are slits or wasps (Hymenoptera), 74 i i  a 
sowbug (Isopoda), 75-76 ;ire caterpillars (Lepidopter;~ larvae), 77 is a icorpiorif~:, (Mccoptera), 78 is a harvestmen (Opiliones), 79-85 ;ire 
crickets or gr;~sshoppers (Orlhoptern), 86 is n millipede (Polydeclnida) ntid 87 is 3 centipetlc (Scolopentfro~liorph). Within graphs, column\ 
with tlie mine letter ;ire not signiiica~itly tlif'l'erent (REGWQ multiple comparisoti test, P i 0.05). 
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graph 29) wele captured In h ~ g h e ~  numbel\ on the 
bie~ln~ally bu~ned plot\ comp'~red to the cont~ol\ but, 
overdl, dorman-\ea\on burning dppeared to have 
l~ttle e f fe~ t  In cont~'i\t, Irllnoptcucx \pp (Fig 5, graph 
10) populat~on\ weie \ign~ficctntly reduced by ,~nni~al  
~ U I I I I I I ~  wh~le  brennlal 'tnct quad~cnnial pre\cr~bed 
bu1111ng had l~tt le effect 

The common mlll~pede\ (D~plopod~t) also exhibt- 
ted d ~ f t e ~ r n g  ~espon\es to file Clerdogoria \pp 
(Fig 5, graph 31) wele srgn~ficantly ieduced by 
all fiequenc~es of pre\cnbed bur~ l~ng  On the other 
hand. D M I ~ ~ L U I C I I I L C  (FIE 5, glaph 86) populat~on\ 
re5ponded po51tlvely to ,111 f~equenc~e \  of p rexr~bed  
burn~ng 

Beetle\ (Coleoptcra) exhib~ted a range of iespomec 
to p rew  bed burn~ng (Fig 5, g~ aphs 12-5 1 ) Popula- 
t1o114 of nlne genera (Fig 5, graphs '32, 35, 39, 4 1,42, 
44, 45, 46 and 49) responded pos~trvely to frequent 
burn~ng. I e more were caught on the annually burned 
plots and in come cases other burn frequency plotc 
than on the control plots E~gh t  genera (Fig 5, graph? 
33, 34, 17, 38, 43, 47, 48 and 51) were negat~vely 
affected by frequent burn~ng and populat~ons of u x  of 
those (Fig 5, g~aph \  34, 37, 43, 47, 48 and 51) 
appeared to be unable to recover In 4 year\ 

Most of the flies (Diptel't) that were dffected by 
dormant-sea\on burnmg responded pos~t~vely (Fig 5, 
grdph\ 52-56) to some level of b u ~ n ~ n g  Only popula- 
t1on4 oi Sc lcxrtr spp (Fig 5, graph 56) wele negat~vely 
~nip'icted by Linnual hurn~iig 

Of the heteropteian\ dfected by p~e\cnbed burning, 
a C r y p h ~ l ~ ~  5p \eed bug, Olrarrrr \pp (Crx~~d'ie) and 
lmmatule Delphac~dde were captu~ed In h ~ g h e ~  num- 
bers on frequently burned plots (Fig 5, gldph\ 57, 59 
'ind 60) Only Irnnlatule\ of the Ach~l~dae  were 
 educed by clnnu'il burnmg (Fig 5, gi'lph 58) 

Thl~teen Hyinenopter,~, ~ncludrng c~ght  genela of 
ant\, were affected by burlllng (Fig 5, gr,iph\ 61-71) 
Populat~ons of 41x Hytnerlopte~a genela wele reduced 
by annu'il burmng ~nclud~iig Aphtrcrioqarter \pp 'tnd 
C~lrl?poriotlr\ spp 'tnt\ (Fig 5, grdph56 1, 62, 61,64, 70 
and 7 1 ) Foul gener ,i of Hymenoptera negatively 
'~tfected by burn~ng did not ~ecover with111 4 yex \  
(F1g 5, g~aph \  61, 61, 70 'ind 71) T h ~ e e  genel't were 
more abundant w~th  frequent burn~ng (Fig 5, gt,iph\ 
69, 72 and 77) The gem\  Solrnop\r\ ~nclucie\ thc red 
11npo1ted 111e dnt. S ~rnmt(z wh~ch re\ponded pou- 
t~vely to ftequent di\turbance Mo4t of the ind~v~du~t ls  

we c'iptu~ed were S rnvrttcr Three genera of Hyme- 
noptera 1ncrea4ed In dbund,ince with Intelmed~ate 
level\ of ch\tuibance (Frg 5, graph\ 65, 67 and 68) 
The\e ~ncluded the mo5t common ant. Odor~tomut hlc{ 

\ P 
I\opod\ ( R g  5,  graph 74) 'tnd C~yptoptd'ie centl- 

pedes (FIE 5, g~aph  87) wele reduced by burning 
I\opod populations were reduced only by annual 
burntng. wh~le  cent~pede populat~on\ weie reduced 
by ,111 b u ~  n frequencle5 

We ~dent~fied Lep~dopteld to fam~ly m c e  the 
m,kjol ~ t y  captuled In p~tfall t~ aps wele ldrvae L ~ I  vde 
of both the A~ctndae and Noctu~d~te were nega~~vely 
impacted by annual burning (Fig 5, g~aphs  75 and 76) 

E~ght  Orthopte~a weie '~ffected by burnrng Six of 
these were cr~ckets (Grylhdae Fig 5, graph\ 79-84), 
but not all cr~ckets responded the \ame to doimant- 
season burning Four were more abundant In fie- 
quently burned plots (Fig. 5, graphs 79. 81, 82 and 
84) wh~le  unrdent~fied Immature\ (Fig 5, graph 80) 
were lesc abundant In burned plots, and Orochan~  
spp were more abundant in biennially and quadren- 
mally burned plots than controls (Fig 5, g~aph 83) 
Othe~ Orthopterans affected by b u ~ n ~ n g  were long- 
horned gra\shoppers In the subfam~ly Conocephahnae 
wh~ch were more abundant on f~equently burned plot5 
(Fig 5, graph 85) 

Sco~pionfl~e\ (Ptrnorpcr \pp ) and the halvestman 
(Eurne\o\omci \pp ) both ~ncreased w ~ t h  ~ncreas~ng 
bu111111g trequenc~e\ (Fig 5, graph\ 77 and 78) 

4. Discussion 

Prescribed burning altered ground-dwelling arthro- 
pod com~nunities. When all 5 years of data were 
combined we found dormant-season burni~lg reduced 
diversity and evenness, regardless of li-equency, below 
that ol' plots where fire had been exclucied. Annual 
burning lowered ground-dwelling arthropod diversity 
below the other two fire fi-eque~lcy treatments. Exam- 
ination of data on a yearly basis shows changes in 
diversity and evenness were clue to frequency of 
tire application and not long-term changes to commu- 
nity diversity. Diversity of unburned control plots 
remained constant throughout the study. but each year 
fire was applied i n  the other plots diversity and even- 
ness declined. Diversity returned to the same level as 



cont~ol\  by the end of the \econd yedr 'tfte~ h ~ e  The\e 
re\ult\ \ilgge\t dnnudlly bu~ned plot\ h'td lower oveiall 
diver\tty becait\e they had tn\uff~ctent ttrne to recover 
between l ~ i r ~ i ~ i  File ietutn ~nterv,~l\ of 2 dnd 4 yedr\ 
re\ulted in lowel over 'ill d~vct  5ity than  inb burned plot\. 
b~rt yeaily diver\ity tienel\ \how thdt thi\ al\o w,l\ due 
p i ~ ~ n ~ t r i l y  to reductron\ in ciiver\ity rn ye,il\ fiie w,t\ 
'tpplied Ch'inge\ in diver\~ty wete ilot the ~e \u l t  o l  

alter'~tton\ to plot\ brought on by the long-tet m u\e of 
hre 

Dorm'tnt-\ect\on buining 'tltered the compo\ition of 
Lhe community by ieducing the number\ oi piedat014 
'ind ~ n c i e a \ ~ i ~ g  tile numbel\ of cletrrtivore\ Although 
number\ of he rb~vo~e \  captiued were \~milai on ,111 

plots, herbtvore ~ ~ c h n e < \  was htghe~ on ,~ni~ually 
burned plots Dtver\lty and evenne\\ of d e t r ~ t ~ v o ~ e \  
and pred,itoi\ was hrghei on the u~~burned plots 
Reawn\ for thc higher nuinber of herbwore tdxa on 
annually burned plot\ ale unclear Unburned plots had 
a much highel overall l ~ v e  plant biomass, but much of 
thts wa\ due to a ungle spectes, saw palmetto Annual 
burning rnereaced the abundance of gra45es (Table 1)  
,mcl 'tntlual wlilter burning increases d~ver s~ ty  of 
uncle1 story plai~t cornmunitles beneath \outhe~n ptne\ 
(W111te el a1 , 1991, Brockw'ty dlld Lewis, 1997). so ~t 
15 po\sible thdt the greater herb~vore ~ ~ c h n e s \  wd\ due 
to h~gher nu~nber\ and cl~ve~\i ty of he~baceou\ pl;int 
\pea'"\ 

Det i t t~vo~e divet\ity wet\ h1ghe5t or1 the unbu~ned 
plot\. wh~ch h'td almo\t \ I X  ttme\ 'i\ I ~ L I C ~  dead plant 
~n,tteii,tl '15 the , i n t~~r~~ l ly  bu111ed plot\ Howcve~, we 
c'iptured almo5t twtce 'I\ rndny detiit~vore\ (T'thle 5 
withoitt L) I?ZN( 111lit1o) on 17uriled plot4 It i \  poss~ble 
th'tt d e t ~  t t ~ v o ~  e\ ,ile c,iptu~ed le\\ frequently on 
unburned plot5 becau\e the abundance ol food ,tv,t~l- 
,117le reduce\ the11 need to rnove Atlother po\ \ lb~l~ty  
w,t\ th'tt cietrltu\ on buined plot\ mcty be htgher 
yu,tlrty Buirtrng ~rsirally k~ l l \  but doe\ not L~lw,iy\ 
comurne ,ill of the '~bove gtound potion\ of iindei\tor y 
pl'~nt\ Therefore, d e d  plant inatel i'tl on burned plots 
l~hely conta~ned lnoie nutrient\, \trice plai~t\ weie 
un,tble to ~ec'iptiite the nutttent\ betote le,tf de'lth 
F~il~tlly. gie'tter precl'ltton d~re  to htghc~ p~ed'itor IILU-I- 

 be^\ m'ty have conti~buteel to lower detlrtivore num- 
be14 on ~~ i lbu i i~ed  plot\ 

Cornp,tii\otl\ o f  ovet,ill community \r~nildr~ty 
(Fig 2) showed that during ,I 5-yeat -pel iod ,tr thi opotl 
commun~t~e\  expo\ecl to  hre wele \ ~ m ~ l a i  t o  c'lch other 

regardle\\ of f ~ ~ e  rctu~n ~nterv~tl S1rn11'11ity of ,tnnually 
b~irned plot\ and unbutned control\ w ~ ~ s  lowest A\ f~ re  
frequency decre't\ed the cornmunttle\ bec'iine pro- 
gre\\~vely more \1rnt1~11 to the ~tnburned plot\ Com- 
p,tit\on of \rmtl,iirt~es of birriled plot\ 'tnd u ~ ~ b u ~ n e t l  
contiol\ ovei time (Fig 3'1) \ h o w 4  a p~ttteln almo\t 
the \ame a\ divcr\~ty (T'tble 4). i e In yeai\ when file 
wet\ 'tpplted to the plot\ \tiniI,trity of bu~nect 'tnd 
unbitined plots dropped, but \ i rn~l ' i~~ty  rctul~led to 
p ~ e - b u ~ n  level\ within 2 year5 Annu,illy-burned plot\ 
con\~\tently h'rci the lowest sirnilat~ty to controls 
Quad~enni~tlly-buitled plots wele \~m~l , t r  to 
unburnecl plot5 4 year\ &ter they were burned 'tc 
the colnp,tri\on of half of the unbu~rted plots to the 
other h'ilf In 1999 However, t h ~ s  was not the case in 
1995 when the quadrenn~,illy-burlled plot\ al\o had 4 
years to recover The ie\ult\ in 1999 may have been 
due in part to a severe drought in Flonda. that began In 
May 1998 dnd extended through January 1999, that 
may have altered commui~itre~ with~n unburned plots 
Log tran\formatlon of numbers captured prror to 
calculating pelcentage sim~larity (Fig 3b) 5ugge\ts 
that fire had its greate\t effect on the most abuildant 
tdxa and not rare one\ 

Ftequent fire dtd not 1nciea';e raiity or reduce 
I 1cl111es\ of ground-dwelhng drthropods (Fig I ) We 
furthe1 explored effects of ine frequency on the com- 
inrin~ty of rare taxa wlth the quotient of \~mtl,tnty that 
measuie\ only whether tax& 'ile ple5eilt without taktng 
dbirnddnce Into con\ider,~t~on The patteln III compar- 
ison\ 'inlong tredtments w'is very 51m1la1 to that f o ~  
peicent'ige \~mrl~ii-rty of tile whole commun~ty Cotn- 
parlronj among birrn trccitment\ had quotient5 ot 
\ ~ m i l a ~ ~ t y  th'tt wele app~oxirnately equal The lowest 
\ tm~l , t~~ t  y w,~s f o ~  the companron of ,innuL~lly burned 
plot\ to cotitrols. while s~tntlar~ty between birr11 treat- 
ment\ 'tncl contx ol\ ~ncr e,t\ed with decre'l\ing fiie 
fleq~iet~cy Although one i ~ ~ i g h t  expect iaie ~nd~v~t iua l \  
to be more l~kely to ur~cleigo loc'11 extinction '1s 'I re\ult 
of hie, oitl te\ult\ \ugge\t t11'1t in'iy not be the c,t\e 
However, plot\ In thi5 study were \tn,~ll w ~ t h  only 'I 2- 
3 m wtde h ~ e  ltne between thein \o m n e  ~novement of 
,irth~opod\ between plot\ was likely The~efore, \erne 

Iaie indtv~d~r,il\ m,ty h'tve come t ~ o n ~  le\\ frequently 
brn ned plot\ 

OLII ~e \u l t \  'inti orhe14 \how ~t 1s d~fhcirlt to mdke 
gencr ' l l i~dt~o~~\  'tbout the effect\ of hie oil V C I I I ~ L I \  

,u tht opod group\ (Ahlgi en. 1974, W'uren et '11 , 1987) 



Doi ni,trtt-\e,l\on f ~ r e  d ~ d  not hdve '1 b~ ~ ; t d  gene1 dl 
ettect on g~ound-dwelling ,uthropod\ 111 longleitf plnc 
Even w~thin older\, and 111 m'iny c,t\e\ t,tmilie\, hle 
affected genel'i ditfeiently Fol exxnple, Ino\t mem- 
 be^\ ot the wolt \prclet f'tm~ly. Lycos~d~te, wele neg~t- 
trvely nnp'tctecl by burntng but the genu\ Alloro,(r had 
highel numbel\ on the ~innirally hu~ned plot\ Lrhe- 
wl\e, not all ground beetle\ (C,tiab~d~te) wele ~edilced 
by burning Some ,lnt\ (For micrdae) ~ncrea\ed dl'trna- 
tic,tlly in re\pon\e to frequent fire whlle other\ were 
neg'lttvely ~mpacted Thew ~e \u l t \  die con\i\tent w ~ t h  
pievrous \tudre\ reviewed by Ahlgren (1974). W't~ien 
et a1 (1987) anct S~ern'inn et a1 (1997) that show 
,rithiopod re\pon\e to file 1s ,tlrno\t spec~es-\peellie 
Attempt\ to m,tkc bro'td genercllizatton\ 'tbout a~thro- 
pod I e\pon\e\ b,t\cd oil 'I tew \pecle\ or group4 \hould 
be 'tvoided 

Over 40 gener'i were reduced by b u ~ n ~ n g  ,tnd, or 
those, 26 were captured In equal nurnbeis on quad- 
renn~ally and annually burned plot\ but 111 51gnlficantly 
lower number\ than on unburned plot$ Warren et a1 
(1987) ~re\ented 't niodel ot  'trthropod population 
re\pon\e to fire divided ~ n t o  acute c ~ ~ ~ d  chron~c 
imp,lct\ Accord~ng to the11 model, acute 1inpact5 
occur du~riig the combu\t~on (the hie) 'tnd "\hock" 
ph,t\e\ (the period <tfte~ the fire but betole vegetat~on 
beg'in to re-glow), and chronic 1mpact4 occur 'tfte~ 
veget'it~ve legrowth \ t ' ~ ~ t \  'tnd I,t\t itl~tll eq~ti11hii~1111 
between Ao~a and fauna popul,ttion\ 15 attanled Our 
re\ult\ \how chrori~c Itnpdct\ can Ia\t ovel 4 ye'trs for 
\otne in t h ~  opod population\ in the longle,tf f L~twoocl\ 
ecttsy\tern Howevel. othei \pecle\ cle'irly benefitted 
11om f~equent b u ~ n ~ n g  

De\prte hav~ng a \~gn~ficant neg'ttlve ~nip'tct in 
Inmy ca\e\, repe'tted r i~ i~~uLt l  b u ~ n ~ n g  over 15 y e a \  
~ 'uely ~eoulted 111 extirp'ttlon ot  'I fen114 In f'tct, plot\ 
wheie hie w,t\ excluded wcte '15 l~kely to be 1111s5111g 
,I genus th'it wa\ c,lptuied on buined plot\ Lihew~\e, 
P'inzei (1988) found little evrdence that iepeated 
burning of pi'tnle reinn,lnt\ tesulted In complete 
el~nztnat~on of buttelfly \pecie\ or the many irre- 
sen\itrve leatlioppei 5 (Hete~optera), moths (Lep~dop- 
t e ~ , ~ )  (31 Orthiopter,~ W~nter buining h'id no effect on 
ove1,lll r ichne\\ ot r~chne\ \  of I 'l~ely collecteel gerl- 
clct The quotletlt of $~m~l,tr l ty to1 ldie genez't w,t\ 
lowe\t "rot cornpar ison of annually buined plots to 
unburned contlol\, but \rrnilctnty between burneel 
,tnd ~~nbnrned plot\ ~nc~e, t \ed  ,ts h ~ e  freq~rericy 

clecrea\eil $ugge\t~ng th'lt rare geneEd elther qu~chly 
i e-colonized burned ~tle,t\ or they we1 e not comple- 
tely e1imin:tted 

L ~ k e  pr 'tirle i einn'tnt\, longleaf prne stand\ th'it 
h'tve not been heavily dt\turbed by pievlou\ agrl- 
cult~ri,tl and \ilvrc~iltural pr'tctlces ,Ire uncommon 
We .tgree with Howe (1994) th'tt v'ilyrng t~niliig 
(sea\on), bu1111ng frequency ,tnd fire Inten\itre\ o n  
,I glven dre't ale mole likely to \rmulCtte contlitions In 
which longleaf pine cornmunit~e\ evolved In ,~cld~- 
tlon. the \low recovery rate of so inany specie\ 

\ugge\t\ that management oriented toward con\eiv'i- 
tlon ot b~odrvei\~ty In longleat prne \hould include 
area\ excluded tiom file However, the slze or dl\- 
t i ~ b u t ~ o n  of unburned '11ea4 c'tn~lot be concluded 
horn th14 \tudy Our plot\ wele le\\ than 1 ha, but 
they app'l~ently weie 1'1rge enough to prov~de a 
iefuge that 'illowed '1 nuinbei of \pec~e\  to leach 
h ~ g h e ~  populat~on levels In add~tion, the unburned 
plot\ were invaluable for research, allowlng ui  to 
detect etfects on CI number of specie\ that otherw~se 
would have gone unnoticed A number of studies 
have \hewn the ~niportance of fire In the m ~ t ~ n t e ~ i ~ t n c e  
of  loilgleaf plne ,111d rts as\oc~ated undelstory pldnt 
conimunity, 'ind we ~lgree that pre\cribed burn~ng 
\hould continue to be 'in ~ntegr a1 pait of longleaf plne 
m'magement However, vdrylng hre regline4 'ind 
\ettlng '~\~cle \tndll u~ihutned are,i\ ~eplic~tted ' tc~o\\  
,I ICtnd\cctpc woultl lrkely ininllillze impact\, p~ovide  
I efuge\ for ,I 11~11nbel ot  '11 thropod5 ancl LI I e\oul ce tor 
tu tu~e  re\earch 
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